the PCA with a remote history of minor head trauma demonstrating 3D relationships between the dissecting aneurysm and tentorial free edge using 3 Tesla MRI (3T MRI) and 3D Digital Subtraction Angiography (DSA) fusion technology. By correlating the elegant anatomy demonstrated with the fusion technique and the microsurgical anatomy of the PCA, we propose that direct trauma of the PCA against the free edge of the tentorium is one of etiological factors of PCA dissection. This study also highlights the clinical usefulness of a fusion technique using 3-Tesla magnet and 3D DSA. To our knowledge, this is the first report of clinical application of a 3-Tesla MRI image and 3D DSA fusion technique.
Case Report
A 52-year-old woman presented with dizziness and several episodes of numbness in the fingers of her left hand. About ten years ago, she had fallen from a second story building, hitting her back and buttocks when she landed on the concrete floor. There was no recorded head injury. The patient had been well until she presented ten years later with above symptoms.
Brain CT, 3 Tesla MRI and 3D DSA were performed. The imaging studies revealed a dissecting aneurysm of the right posterior cerebral
Summary
We aimed to show the anatomical relationship between a dissecting aneurysm of the posterior cerebral artery (PCA) and tentorial free edge to understand the pathophysiologic mechanism. A 52-year-old woman with a history of head trauma presented with dizziness and numbness in her left fingers. 3D DSA showed a dissecting aneurysm of the right P2-P3 segment of PCA.
The fusion of 3D DSA and 3T MRI was performed at the dedicated workstation using three pairs of landmarks including the ICA termination, MCA bifurcation and A1-A2 junction of the right ACA. Fusion of 3D DSA and 3T MRI clearly demonstrated the dissected segment of PCA crossed the tentorial free edge twice.
The fusion images support the direct trauma hypothesis of dissecting aneurysm of the P2-P3 segment of PCA. This novel imaging technique shows future potential to be used to understand the anatomical relationships between various vascular lesions and surrounding structures.
Introduction
Direct trauma such as basal skull fracture may result in arterial dissection, but the mechanism of intracranial arterial dissections from minor, indirect or remote trauma is still unclear 22 . We report a case of a dissecting aneurysm of 3T MRI -3D DSA Fusion Technique on Posterior Cerebral Artery Dissecting Aneurysm: Understanding a Potential Pathophysiologic Mechanism W.K.W. CHONG, S.K. LEE, K.G. TERBRUGGE artery (PCA). CT scan demonstrated calcification in the tentorial hiatus in the region of the free edge of the tentorium cerebelli on the right side ( figure 1A,B ). Standard and 3D DSA demonstrated typical findings of dissection of the P3 segment of the right PCA extending from the inferior temporal branch to the ori-gins of the parieto-occipital and calcarine arteries (figures 2A-C).
Image fusion techniques were then applied to clarify the anatomical relationship between the dissected PCA and tentorial edge. 3T MRI and 3D DSA fusion images clearly showed the tortuous P3 segment of the right PCA crossing the free edge of the tentorium twice. It also clearly defined the anatomy where the segment is impinged against the free edge (figures 3, 4A-D).
Materials and Methods

MRI-3D DSA Fusion Technique
3D DSA
The procedure was performed under local anesthesia. A 5 French catheter was guided into the both internal carotid and vertebral arteries. 3D DSA was performed using a 3D DSA angiographic unit (LCLP BPL Angio; GE Medical Systems, Milwaukee, WI). Twenty milliliters (ml) of contrast agent (Omnipaque 300mgI/ml; Amersham Health, Oakville, ON, Canada) was injected at 4 mls/s into the right internal carotid artery. The images were acquired in a 512 x 512 matrix using a 22 cm field of view and reconstructed using a 512 x 512 x 512 matrix (0.3 mm voxel size). Reconstructed images were displayed using maximum intensity projections, surface shaded display, and volume rendering techniques by a dedicated workstation (GE Advantage AW 4.2; GE Medical Systems, Milwaukee, WI).
MRI
The MRI was performed using a 3-Tesla superconducting unit (Signa Excite; GE Medical Systems, Milwaukee, WI) with an 8-channel head coil. A 3D FSPGR sequence was used with the following parameters: TR/TE -7.7/3.1, ET -1.0, TI -450, F/A -12, Matrix -256 x 256, FOV -22 x 22 cm, slice thickness -0.8 mm/0 skip, scan time -12 min. The examination is performed after an intravenous injection of a bolus of 10 ml gadodiamide (Omniscan 0.5 mmol/ml; Amersham Health, Oakville, Ontario, Canada).
3T MRI-3D DSA Fusion Technique
The fusion was performed at the same GE workstation used for 3D DSA reconstruction using the 3D Xray/MR Fusion software (version 1.0.56; GE Medical Systems, Milwaukee, 
Discussion
Intracranial Dissection
Intracranial arterial dissections (dissecting aneurysms) can involve both the anterior and posterior circulation. The distal vertebral and basilar arteries are most often involved in the posterior circulation 3, 5, 7, 9, 20, 26 . The other arterial branches, posterior inferior cerebellar (PI-CA) 4, 27 , posterior cerebral (PCA) 3, 9, 12 , superior cerebellar (SCA) 6 and the anterior inferior cerebellar arteries (AICA) 23 are rarely involved. The supraclinoid internal carotid (ICA) 13, 18 , anterior cerebral (ACA) 13, 14 and middle cerebral arteries (MCA) 15 are involved most commonly in the anterior circulation. The anterior choroidal artery is rarely involved 11 . Arterial dissections in both the anterior and posterior circulation often have no associated causative factors (spontaneous) or may be associated with minor and major head trauma and a variety of other factors such as connective tissue disease. Adults and children may be affected 8, 17, 19, 21, 22, 24, 25 . The angiographic criteria for diagnosis of dissecting aneurysm have been described 9, 13 . These are: segmental narrowing (string sign), segmental narrowing with dilatation (pearl and string sign), fusiform dilatation and double lumen sign (presence of false lumen or intimal flap).
The course of the PCA in relation to the free edge of the tentorium is shown to have four variations 2 . In the medial variant, the main trunk is located medial to the free edge of the tentorium. It sends its cortical branches over and above the free edge of the tentorium and thus all the main branches are predisposed to be compressed during transtentorial herniation but the brain stem branches are spared. In the lateral variant, the proximal main trunk crosses the free edge before it gives off its cortical branches, and therefore the main trunk may be compressed but the cortical branches are spared. However, the brain stem branches may be compressed as they cross the tentorium back to the brain stem.
In the mediolateral variant, the PCA divides into two secondary trunks in the middle incisura space. The medial branch gives rise to both the parieto-occipital and the calcarine branches which cross the free edge and thus either may be compressed. The lateral branch crosses the free edge before it gives rise to the temporal branches. The most common variant is the tortuous PCA, where the main trunk crosses the free edge several times and thus it could be compressed at various points along its course. Correlation of the involved segments of the PCA and the surgical anatomy 2 could explain why the P1-P2 segments are involved most frequently. In the lateral and tortuous variants (the most common variants), the main trunk crosses the free edge, and in the case of the tortuous variant, it does that several times. Although the P3 segment may be involved in the tortuous variant, in the lateral variant, it is the proximal main trunk, (P1/P2) that crosses the free edge and thus the distal P3 portion is not related to the free edge. Hence, the P1-P2 segments are involved more frequently. In the less common mediolateral and tortuous variants, the P3 segment near or at the junction of the calcarine and parieto-occipital origins crosses the free edge and is thus liable to trauma. This explains the angiographic findings that the P3 lesion either extends up to the calcarineparieto/occipital junction (current patient) or extends from P3 through to involve P4. The parieto-occipital and calcarine branches in the medial variant (least common) and in the mediolateral variant divide in the ambient cistern before crossing the free edge as individual branches and thus may be individually involved. However, these are the least common of the variants and may explain why there has been no reported case of individual P4 segments lesion.
The PCA in this case report is a tortuous variant. The fusion image shows that the P3 segment of the PCA weaves across the free edge twice. It also indicates the points of contact of the P3 segment of the PCA with the free Figure 3 Axial fusion image clearly showing the normal P2 segment of the right PCA located between the cerebral peduncle and the tentorium. The abnormal P3 segment (white arrow) is seen to cross the free edge twice from medial to lateral proximally and lateral to medial more distally. Note that there is nearly perfect registration of the fused DSA image to the corresponding enhanced right PCA in the MRI (black arrow). edge of the tentorium. This gives strong support to the theory that the direct trauma of the PCA against the free edge of the tentorium can be a cause of the P3 segment dissection. The calcification of the PCA wall on CT implies that this is a chronic lesion associated with her fall ten years ago. It is unclear how indirect or remote trauma can cause dissection 22 . It has been suggested that shearing and rotational injury with significant intensity can disrupt the vessel wall, but not severe enough to cause complete disruption 1 .
Various contributory etiological factors such as polyarteritis nodosa, cystic medial necrosis, atherosclerosis, fibromuscular disease, Marfan's syndrome, mixed connective tissue disease, migraine and electrocution have been reported 9, 22 .
The close proximity of the posterior cerebral artery to the free edge of the tentorium may not require much force to directly traumatize the artery against the tentorium. Hence, it is possible that minor trauma or severe physical exertion such as continuous shaking of the head may be enough force to traumatize the artery against the free edge.
The precipitating event may be minor or in cases where there is no recorded history of such, the trauma may be so trivial as to be considered insignificant by the patient. Underlying vascular disease such as polyarteritis nodosa, cystic medial necrosis, atherosclerosis, fibromuscular dysplasia, Marfan's syndrome, and mixed connective tissue disease, appear to be uncommon but could weaken the wall predisposing the artery to dissection.
3D DSA and 3 Tesla MRI fusion
Image fusion of three dimensional digital subtraction angiography images (3D DSA) with 1.5 Tesla unit magnetic resonance images (MRI) to visualize the perforating arteries of the brain has been described using of the "common cursor" technique of displaying the fused images 16 . However, the clinical usefulness of the final product of fused images sets was not discussed. In this case report, the demonstrated relationship between the free edge of the tentorium and adjacent dissected PCA segment may give a clue to the pathophysiology of PCA dissection. We have also shown the clinical usefulness and technical feasibility of the MRI and 3D DSA fusion technique in brain arteriovenous malformation (AVM) cases 10 . Thus, the MRI and 3D DSA fusion technique can be re-garded as a very helpful tool to understand the anatomical relationship between non-vascular structures and intracranial arteries. In addition, it can also provide very useful information for surgical planning of potentially challenging cases such as deep seated or postoperative AVMs.
3 Tesla MRI enables whole head vascular coverage with fine slices in an acceptable examination time and to achieve better spatial resolution in a limited region. The study performed with a 1.5 Tesla magnet required nearly eight minutes to cover 76 mm (covering the circle of Willis region) with 1 mm slices 16 . Whereas using a 3 Tesla unit we can cover twice the distance (140.8 mm) in only half as much time (12 minutes) with finer slices (0.8 mm) and thus achieving better spatial resolution. Thus, 3T MRI could generate more anatomically correct fusion images than 1.5T MRI.
The accuracy of the fusion technique can be validated by three different methods. The first method is to check an error measurement. The fusion software automatically displays residual distance between the two points of the landmark pair in mm as an error measurement. The second method is using the common cursor technique. For example, when you put a cursor on an anatomical point on the 3D DSA, the software automatically displays the corresponding anatomical point on each of the three cross sectional MR images including axial, coronal and sagittal planes. The accuracy of the registration can therefore be visually checked and adjusted before the software generates fused images. Finally, one can visually assess the accuracy of the 3D DSA images superimposed on the corresponding enhanced vessels on the Fused MR images. In our case report, the average residual registration error was 1.5 mm or less. The other two methods also verified the minimal error of this study.
Further research using this fusion technique for the anatomical relationship of dissecting aneurysms of other arteries against fixed structures such as the anterior cerebral artery against the falx cerebri and the superior cerebellar artery against the free edge of the tentorium cerebelli may further strengthen trauma as a potential explanation of this disease. There may also be a role in this technology in determining the location of the neck of large and giant carotid cavernous and cave aneurysms to determine whether they are intradural or extradural as this knowledge will help in the deci-sion-making process for their future management options. 
Conclusions
